Introduction
============

In research on individual differences, "impulsivity" is viewed as a multifaceted construct, with aspects related to the inability to stop initiated actions, intolerance to delay, reward sensitivity, and lack of consideration of further consequences of actions (Whiteside and Lynam, [@B115]; Robbins, [@B84]; Gullo and Dawe, [@B42]; de Wit, [@B18]). In the present contribution, we contrast this trait perspective of impulsivity with the perspective of recent dual-process models, which posit that behavior is the joint outcome of two qualitatively different types of processes: "impulsive" (or associative) and "reflective" (or propositional) processes (Smith and DeCoster, [@B95]; Strack and Deutsch, [@B103]; Wiers and Stacy, [@B122]). We will demonstrate how both types of processes can be assessed and how they jointly predict a variety of risk behaviors, including alcohol misuse. The main difference between the trait impulsivity approach and the dual-process perspective, is that from the latter perspective it is necessary to assess *specific* impulsive tendencies related to the behavioral outcome of interest, as well as the ability and motivation to control those impulsive tendencies. An individual can score high on general trait impulsivity and still not have strong impulses to engage in a specific behavior that is not motivationally relevant for that individual: "not everyone is tempted by the same stimuli" (Hofmann et al., [@B45]; Friese and Hofmann, [@B33]). From a comparison of these two perspectives (trait impulsivity vs. dual-process models), the central question addressed in this paper emerged: would trait impulsivity still explain unique variance in a specific behavior of interest, after controlling for indices of specific impulsive (or associative) and reflective processes related to that behavior? From a dual-process perspective, it is predicted that this would not be the case. We first summarize the two lines of research, and then address this hypothesis through supplemental analyses of four datasets.

Dual process models and the prediction of addictive behaviors
-------------------------------------------------------------

In recent years, many dual-process models have been proposed in psychology (Sloman, [@B94]; Smith and DeCoster, [@B95]; Evans, [@B20]; Kahneman, [@B61]; Strack and Deutsch, [@B103]; Gawronski and Bodenhausen, [@B35]). In all of these models, behavior is proposed to be the joint outcome of impulsive (or associative) processes and reflective (or propositional) processes. The relative influence of both types of processes in a given situation depends on a number of boundary conditions, including personal and situational variables (Hofmann et al., [@B45],[@B46]; Wiers et al., [@B121]). From this perspective, a high score on trait impulsivity can be either due to relatively strong associative processes and/or due to relatively weak reflective processes. This conceptualization is similar to recent neurocognitive models, which describe impulsivity as a lack of frontal-cortical control over impulses and limbic drive (Volkow et al., [@B113]; Bechara, [@B5]; Robbins, [@B84]; Gullo and Dawe, [@B42]; Crews and Boettiger, [@B12]). It should be noted that the underlying neural architecture involves far more than two systems, including several corticostriatal loops (Everitt and Robbins, [@B23]; Robbins, [@B84]; Everitt et al., [@B22]), modulated by similar state variables as identified in psychological dual-process models (Robbins, [@B84]). However, for present purposes, these processes can be summarized as a collection of processes that are involved in associative approach responses and a collection of processes that are involved in control over these impulses, modulated by boundary conditions.

Dual process models have also been adapted to predict addictive behaviors (Stacy et al., [@B98]; Evans and Coventry, [@B21]; Deutsch and Strack, [@B19]; Wiers et al., [@B118]), as well as other forms of psychopathology (Ouimet et al., [@B75]). Importantly, from this perspective, *behavior-specific* impulsive processes can be measured and evaluated within a dual-process framework. Specific risk behaviors, including alcohol and drug abuse and related problems (e.g., aggression after alcohol, binge eating), can then be better understood.

From the present perspective trait "impulsivity" is clearly a multifaceted construct. First, the strength of behavior-related impulsive processes will differ for different target behaviors. For example, facets of impulsivity and the related concept of disinhibition have been related to different behaviors like alcohol and drug use, aggression, risky sex, and obesity (Nigg, [@B71]; Cyders and Smith, [@B14]; Verdejo-Garcia et al., [@B112]; de Wit, [@B18]), but clearly not every impulsive person will exhibit all of these behaviors. Individuals have different temptations.

Impulsive (associative) processes build up slowly with experience (Smith and DeCoster, [@B95]; Strack and Deutsch, [@B103]; Gawronski and Bodenhausen, [@B35]), and in the case of alcohol and other drug use this process is pharmacologically enhanced, for example, through the process of incentive sensitization (Robinson and Berridge, [@B85]). Behavior-specific impulsive responses are learned; they arise from the motivational impact of associations with reinforcement (incentive motivation). Hence, impulsive (associative) processes leading to specific behaviors will first of all depend on an individual\'s learning history and the rate of learning. This rate is likely to be moderated by individual differences related to reward sensitivity and by developmental stage, with increasing evidence for enhanced appetitive processes with the onset of puberty (Quevedo et al., [@B82]; Silk et al., [@B93]). How specific impulsive (associative) processes are assessed is outlined below.

In order for associative processes to be successfully controlled, a number of prerequisites have to be fulfilled. First, people need to be motivated to control their behavior. Without *motivation* to control, there is no reason to recruit resourceful control processes in order to override associative processes. Rather, people are likely to follow impulsive action tendencies that surpass critical thresholds of activation (Fazio, [@B25]; Wiers et al., [@B118]). This view is consistent with the far-reaching proposition that automatic processes constitute the "default" in human decision making (Kahneman, [@B61]). Second, people will differ with respect to the *ability* to refrain from acting upon impulses. This aspect of impulsivity is closely linked to conceptualizations referring to the role of executive control (EC) functions or lack of frontal-cortical control over impulses and limbic drive (Crews and Boettiger, [@B12]), as well as observable behaviors such as lack of self-control. Third, there are important boundary conditions that may critically limit people\'s momentary capacity to override prepotent impulses. Under certain conditions, such as after alcohol consumption, high cognitive load, stress, or resource depletion, people\'s control capacities may be impaired such that impulses that are normally held in check "break through" and have an increased impact on behavior (Hofmann et al., [@B45]). From a neurocognitive perspective this can be described as state-dependent neuromodulation of corticostriatal systems (Robbins, [@B84]). We now turn to a brief description of the assessment of each of these factors.

Assessing specific behavior-related impulsive (or associative) processes
------------------------------------------------------------------------

Specific behavior-related impulsive processes are typically assessed with paradigms derived from basic memory research or with reaction time (RT) paradigms. The crucial aspect of these measures is that they do not require introspection or self-assessment of motivation, but rather assess spontaneous reactions to motivationally relevant stimuli.

Tests of memory associations using word production in addiction have used various types of word association tests. Common tests have used free word association, in which the participant lists the first word that comes to mind in response to a cue word, phrase, or picture. If such tests do not directly inquire about the target concept (e.g., drug associations), the tests can be characterized as indirect, and may have the capability of assessing implicit processes. Indeed, consistent evidence across diverse paradigms from basic research shows that word association tests are capable of detecting implicit conceptual memory, and associations uncovered in these tests predict the spontaneous activation of cognitions across a wide range of experimental procedures. Consistent findings in cognitive neuroscience support a distinct neural basis of implicit conceptual memory, compared with explicit memory (see for reviews, Stacy et al., [@B97]; Stacy and Wiers, [@B100]). This technique has been adapted for use in alcohol, drug, and other risk behavior research, such as prediction of unsafe sex (Stacy et al., [@B99]). In these tests, the alcohol or drug-related cues do not explicitly mention alcohol or drugs but were obtained from norms for likely (perceived) positive outcomes of alcohol use (e.g., having fun, feeling good), and situational antecedents. Hence, participants are instructed to react as fast as possible with their first association to a list of words which are either alcohol or drug-related (having fun...) or not (pleasing relatives...). Another association test used ambiguous words which were either alcohol or drug-related (e.g., draft) or not (e.g., count), and again participants react with their first association. With these measures, numerous studies have found that alcohol and drug use and misuse are predicted by the number of alcohol or drug-related spontaneous associations (for review, see Rooke et al., [@B86]), in some cases after controlling for explicit cognitions and previous behavior in prospective models (Stacy, [@B101]; Kelly et al., [@B63]; Grenard et al., [@B41]). It is important to underscore that the nature of test instructions in word association is *critical.* Indirect association instructions, asking respondents to list the first word that comes to mind, leads to dramatically different results than asking participants to recollect (Stacy et al., [@B97]). In a recent comprehensive meta-analysis of over 89 effect sizes from studies sampling nearly 20,000 participants, word association tasks demonstrated the best predictive effects among all indirect tests of alcohol or other drug-related associations studied to date (Rooke et al., [@B86]).

The second class of measure used to assess memory associations relies on various tests of RT, which usually contrast the effects of within-subject manipulations of stimuli. Among these RT-measures, the Implicit Association Test (IAT) is the most commonly used (Greenwald et al., [@B38], [@B39]; Hofmann et al., [@B49]). Many studies have used alcohol and drug varieties of the IAT (Wiers et al., [@B117], [@B116]; Jajodia and Earleywine, [@B59]; Palfai and Ostafin, [@B76]; Houben and Wiers, [@B52],[@B53], [@B54],[@B55], [@B56],[@B57]; McCarthy and Thompsen, [@B66]; Ostafin and Palfai, [@B74]; Ames et al., [@B2]; Thush and Wiers, [@B107]; Thush et al., [@B108]; Houben et al., [@B58]). In an IAT two "target" concepts (typically alcoholic vs. soft drinks) are paired with two attribute concepts (typically positive and negative valence), using two response keys. This can be done in one of two ways: alcohol and positive affect on one side, and soft drinks and negative affect on the other side or alcohol and negative on one side and soft drinks and positive on the other side. The idea underlying the IAT is that two concepts that are more closely related in memory should facilitate responses (faster responses and less errors) when they share the same response key, and impair responses when they do not share the same response key. Hence, when people hold stronger alcohol-positive affect associations than soft drink positive affect associations, they should be faster in the first categorization than in the second. Following other research with the IAT, most studies have assessed the relative strength of positive affect and negative affect associations with alcohol (as opposed to the contrast category). However, some studies have also studied positive and negative associations separately and found both (Jajodia and Earleywine, [@B59]; Houben and Wiers, [@B53]; McCarthy and Thompsen, [@B66]). Other associations have been assessed as well, for example, between substance use and arousal (Wiers et al., [@B117], [@B116]; Houben and Wiers, [@B53]), and between substance use and approach vs. avoidance tendencies (Palfai and Ostafin, [@B76]; Ostafin and Palfai, [@B74]). The overall picture is that although people have both appetitive associations (positive and arousing outcomes and approach motivation) *and* negative associations (or avoidance), the relative strength of the appetitive associations is a better predictor of alcohol and substance use. For example, in a 1-year follow-up study, positive affect and arousal associations predicted the level of drinking in adolescents a year later, together with the relative strength of explicit negative expectancies (Thush and Wiers, [@B107]).

Other RT-measures have been developed as well to assess associative processes in response to alcohol and drug cues, including semantic priming (Weingardt et al., [@B114]; Zack et al., [@B124]), other tests of affective associations (De Houwer and De Bruycker, [@B17]; Payne et al., [@B78]), and measures of approach vs. avoidance tendencies (Field et al., [@B29], [@B28]; Wiers et al., 2009b). In addition, measures of attentional bias for alcohol or drug stimuli are often assumed to reflect associative memory processes, although other mechanisms have been proposed as well (Cox et al., [@B11]; Field and Cox, [@B26]). Note that we do not argue that the measures summarized here are process-pure measures of impulsive processes. They are not. Mathematical modeling has provided strong evidence that RT-measures like the IAT partly assess associative/impulsive processes, but may also be influenced by reflective processes, involved in the switching of response-assignments (for example Conrey et al., [@B9]; Sherman et al., [@B91]). The point here is that they are the most-predictive currently available indices of impulsive (associative) processes related to specific risk behaviors.

In summary, a variety of measures have been developed which can be used to assess impulsive (associative) processes related to specific risk behaviors. In many studies these measures have been demonstrated to predict alcohol and drug use, in many cases also after controlling for explicit cognitions (see for reviews, Ames et al., [@B1]; Rooke et al., [@B86]; Stacy and Wiers, [@B100]; Wiers et al., [@B121]).

Assessing reflective processes: ability to control
--------------------------------------------------

Reflective processes are composed of the following two different components. First, there must be a self-regulatory goal (typically related to long-term goals), and second, there must be the ability to resist temptations that interfere with the long-term goals. In order to resist impulsive influences on behavior in the service of long-term goals, individuals need to draw on a variety of executive cognitive functions (Giancola, [@B36]; Hofmann et al., [@B48]). Here, we treat EC functions as a broad label that subsumes a collection of more specific sub-functions, supported by the frontal brain regions, which enable the higher-order control of behavior (Smith and Jonides, [@B96]; Miyake et al., [@B68]; Robbins, [@B84]). Most centrally, EC functioning involves capacities such as (1) allocation of attention to goal-relevant information, (2) flexible, context-relevant updating of goal-relevant information in working memory, and (3) inhibition of prepotent irrelevant responses that interfere with the present goal at hand (Smith and Jonides, [@B96]). Through the orchestrated use of these executive functions individuals may succeed in regulating behavior in accordance with their long-term goals (i.e., to refrain from alcohol consumption) even in the face of competing association-driven action tendencies. One prediction that can be derived from this framework is that individuals high in executive functions should show less impulsively driven behavior because they successfully inhibit or counteract the impact of associative processing on behavior. Note that in the context of risky behaviors, this is usually thought of as the moderation of impulsive action tendencies to engage in risky behaviors. However, it is also possible that reflective processes may sometimes lead to risk behaviors: intelligent sensation seekers may reflect upon and weigh the pros and cons of risky behaviors (e.g., jump a cliff, binge-drink) and rationally decide to take the risk, which is likely to involve control over automatic fear reactions (this could be described as "rational risk behavior").

Assessing reflective processes: motivation to control
-----------------------------------------------------

Importantly, EC does not only involve general abilities to regulate impulsive tendencies; it also involves motivation to control and effects from fluctuating states such as fatigue, stress, and acute effects of alcohol and other drugs. People can have a variety of reasons to limit their drinking, including religion, health consequences or other risks. A number of related concepts have been proposed to assess motivation to limit drinking, including reasons to abstain, negative expectancies and motivation to change, with the latter construct applying only to people who experience problems with alcohol use (Chassin and Barrera, [@B7]; Jones and McMahon, [@B60]; Maggs and Schulenberg, [@B65]; Stritzke and Butt, [@B104]; McEvoy et al., [@B67]). Note that in the empirical studies reviewed here, including the studies described in more detail later in this paper, the focus is on individual differences in the ability to control impulses, not on individual differences in motivation to control. We are aware of only one study which experimentally tested whether a change in motivation to control would have a moderating effect on the relationship between impulsive processes and alcohol use (Thush et al., [@B110]). The main hypothesis in that study was that motivation to change drinking would increase as a consequence of a motivational interview (experimental group only), and that this change would lead indirectly to reduced levels of drinking, through increased moderation of associative processes. Unfortunately, no effect was found motivation to change, therefore the moderation hypothesis could not be tested.

State-dependent differences in the prediction of risk behaviors
---------------------------------------------------------------

In addition to motivation to control, there are a number of temporary conditions which can promote impulsive behavior, including stress (Sher et al., [@B92]), fatigue or "ego-depletion" (Baumeister, [@B4]), "hot" visceral states or craving (Nordgren et al., [@B73]; Sayette et al., [@B88]), or hunger in case of eating (Nederkoorn et al., [@B70]), and acute alcohol or drug use (Field et al., [@B30]; Schoenmakers et al., [@B89]). From the present perspective, all of these factors can be viewed as temporarily favoring impulsive over reflective processes. For instance, it has been found that the impact of associative processing on behavior tends to increase under cognitive load (Friese et al., [@B34]), alcohol (Hofmann and Friese, [@B43]), and ego depletion (Hofmann et al., [@B47], for a review, see Hofmann et al., [@B45]).

Specific associations and executive control jointly predict risk behaviors
--------------------------------------------------------------------------

In support of the combined influence of specific associative (impulsive) processes and EC, a number of recent studies demonstrated that executive functions moderate the relationship between associative processing and behavior (Grenard et al., [@B40]; Hofmann et al., [@B46]; Thush et al., [@B109]; Wiers et al., [@B120]; Friese et al., [@B32]; see for a conceptually similar study Finn and Hall, [@B31]). The general pattern of results of these studies is represented in Figure [1](#F1){ref-type="fig"}. It was found that associative processes predicted risky behavior in low but not in high WM individuals (in one study there was still some prediction for high WM individuals, Grenard et al., [@B40]), while explicit attitudes or expected pros and cons predicted in high but not in low WM participants. Studies that were re-analyzed for the present paper are those that included a measure of trait impulsivity, in addition to the indices of associative impulsive processes and EC or self-control (Grenard et al., [@B40]; Thush et al., [@B109]; Friese and Hofmann, [@B33]). The other studies are first briefly summarized, followed by a somewhat more elaborate description of the studies that were re-analyzed.

![**Typical pattern of result from moderation studies (see main text for many examples of references)**.](fpsyg-01-00144-g001){#F1}

One set of studies used measures of working memory capacity (WMC) as proxies for EC functioning. WMC measures primarily tap the capacity to direct selective attention to goal-relevant information and to shield this information from interference (Kane et al., [@B62]). For instance, two studies showed that automatic associations toward candy predicted actual eating behavior more strongly among individuals low rather than high in WMC (Hofmann et al., [@B46], [@B50]). Conversely, high WMC individuals acted more strongly in accordance with their goal to forego sweets, suggesting that WMC supports successful self-regulation over food consumption (Hofmann et al., [@B46]). Analogous moderator effects of WMC on the expression of impulsive action tendencies have been found with regard to alcohol use and problems in adolescents, including two studies re-analyzed and discussed below (Grenard et al., [@B40]; Thush et al., [@B109]). In a recent study it was also shown that effects of positive alcohol associations on attentional bias for alcohol (assessed with eye movements) were moderated by WMC (Friese et al., [@B32]). In social drinkers with low WMC, positive alcohol associations (assessed with an IAT) predicted that attention was drawn to and captured by alcohol pictures, but this was not the case for social drinkers with high WMC.

A second set of studies used measures of prepotent response inhibition to more directly tap into the capacity to inhibit impulsive action tendencies. For instance, a recent study assessed prepotent response inhibition with a classical Stroop task and found that individuals with strong response inhibition showed no relationship between automatic alcohol associations (assessed with an IAT) and drinking behavior whereas this relationship was strong among those individuals with poor response inhibition (Houben and Wiers, [@B51]). Another recent study also used a classical Stroop as moderator variable (Wiers et al., [@B119]). This study also demonstrated the relevance of assessing specific associations related to the behavior of interest, in this case aggression after drinking alcohol in men. Based on an evolutionary theory, it was hypothesized that associations between alcohol and power would be predictive of aggression after drinking, especially in men with relatively poor response inhibition. Two IATs were assessed, one assessing alcohol--power associations and a control IAT, assessing alcohol--arousal associations. As hypothesized, aggression after alcohol use was predicted by the strength of alcohol--power associations in men with poor response inhibition, but not in men with good response inhibition. Moreover, the alcohol--arousal associations did not show this moderated relationship to aggression after drinking, emphasizing the importance of assessing specific associations related to the behavior of interest.

Given the above findings, one is led to ask to what degree WMC and response inhibition effects overlap. A recent study addressed this question by assessing both WMC and prepotent response inhibition with a Stop-signal task (Hofmann et al., [@B44]). The authors found that both constructs interacted independently with automatic affective reactions in predicting impulsive behavior. This finding suggests that, consistent with a fractionated account of executive functioning (Miyake et al., [@B68]), WMC and inhibition tasks tap separate executive components that contribute independently to impulse control. Taken together, the findings reported in this section converge well on the idea that executive functions are strongly involved in the successful inhibition of impulsive action tendencies that may be incompatible with one\'s long-term goals or standards.

Dual Process Models, Trait Impulsivity, and Sensation Seeking
=============================================================

How do the concepts discussed so far (behavior-specific impulsive processes, EC, and their interaction), relate to more general trait variables like impulsivity and sensation seeking? As noted above, impulsivity and sensation seeking are concepts that are defined in many different ways, which may represent different facets of the concepts. In line with the dual-process discussed above, we think it is good to distinguish between sensation seeking defined as reward-sensitivity on the one hand, and impulsivity, defined as lack of motivation and/or ability to control action tendencies in face of long-term consequences, on the other hand. Similar arguments have been made, based on neurocognitive (Crews and Boettiger, [@B12]), psychometric (Woicik et al., [@B123]), and on developmental considerations (Steinberg et al., [@B102]). Hence, a person scoring high on sensation seeking is expected to generally respond strongly to rewarding, exciting stimuli, and through experience will form strong specific associations. A person scoring high on impulsivity is expected to have problems controlling impulses, once these are triggered.

Note that impulsivity and sensation seeking are often confused, which is understandable from the present perspective; both a strong impulse and a lack of control over the impulse can lead to the same outcome behavior. However, there are also important differences between the two concepts. First, impulsivity is negatively related to intelligence (Shamosh et al., [@B90]) but sensation seeking is not -- if anything it appears to be positively related to intelligence (Raine et al., [@B83]). Intelligence is also related to WMC and other executive functions (Conway et al., [@B10]). Second, the developmental pathways of the two traits are markedly different: impulsivity gradually decreases with age, reflecting the gradual maturation of cortical areas involved in cognitive and affective control (Steinberg et al., [@B102]); sensation seeking, in contrast, peaks in adolescence, probably reflecting the earlier maturation with puberty of mesolimbic circuits involved in appetitive drives (Steinberg et al., [@B102]; Dahl and Gunnar, [@B15]). Figure [2](#F2){ref-type="fig"} depicts hypothetical relationships among trait impulsivity, sensation seeking, and elements of the behavior-specific dual-process model.

![**A framework for the prediction of impulsive behavior by impulsive vs.** **reflective processes and associated boundary conditions (moderators).** *Pathway a* represents the specific impulsive (associative) processes activated in the specific risky situation, which automatically activate action tendencies, usually approach. This is positively related to a general tendency to seek rewarding and stimulating experiences and sensitivity to reward (trait sensation seeking). *Pathway b* represents EC processes activated in the risky situation, including self-control ability and motivation to control. *Pathway c* represents the moderating effects of boundary conditions, which moderate the relative influence of pathways a and b. For example, after drinking alcohol, the impulsive (associative) processes get stronger, while the reflective processes get weaker. *Pathway d* represents the moderation of (behavior-specific) impulsive processes by reflective processes, as demonstrated in recent studies (see also Figure [1](#F1){ref-type="fig"}). *Pathway e* represents "rational risk taking": after weighing pros and cons (reflective process), the risk is taken. Question addressed in the re-analyses presented here is whether individual differences in trait impulsivity can be viewed as a moderator, similar to executive control capacity or self-control, or whether it uniquely predicts risky behavior, independent of specific impulsive and reflective processes (pathway f). In addition, it is tested whether the moderated pathway of specific associations is robust, for controlling for trait impulsivity and sensation seeking (pathways f and g).](fpsyg-01-00144-g002){#F2}

From these general considerations, we hypothesized that impulsivity should be negatively related to measures of self-regulation or EC and that sensation seeking should be positively correlated with measures of behavior-specific associations. Many studies have found positive correlations between impulsivity and/or sensation seeking and addictive behaviors (Ames et al., [@B3]; Verdejo-Garcia et al., [@B112]; de Wit, [@B18]; Woicik et al., [@B123]). Our central hypothesis here is that once behavior-specific associative processes are assessed as well as a measure of motivation and/or ability to control, these general trait variables should loose their predictive power. As a first step to test this hypothesis, we considered four recent datasets (published in three papers) and re-analyzed them where necessary. We defined three more specific hypotheses:

1.  *Robustness*: We hypothesized that specific associations moderated by EC would remain predictive of specific risky behaviors after controlling for trait impulsivity (as well as for sensation seeking, when assessed).

2.  *Redundant Predictors*: We hypothesized that including the interaction between behavior-specific associations and EC would reduce the predictive validity of trait impulsivity (and sensation seeking) to non-significance, thus rendering these general trait variables redundant predictors. Such a finding would support the idea that our specific impulse predictor in concert with a measure of EC encompasses the potential effects of trait impulsivity on behavior.

3.  *Alternative moderator*: We hypothesized that trait impulsivity could play the same role as our EC moderators and function as a moderator of behavior-specific associations. This was tested by replacing EC as a moderator with trait-impulsivity, as a moderator of the prediction of behavior-specific associations in our interaction models of the predictive effects of behavior-specific associations.

These hypotheses are addressed in supplementary analyses of four datasets, in which specific impulsive processes and indices of control were assessed, along with a self-report questionnaire assessing impulsivity (and when possible sensation seeking).

Supplementary Analyses
======================

Study 1 (thush et al., [@B109])
-------------------------------

In this study, 88 Dutch adolescents performed a series of computerized tasks and questionnaires in small groups. The *Dependent Variable* was a composite score of 1-month prospective alcohol use and problems, which was computed from alcohol use and problems reported 1 month after performance of the tasks (see the original publication for details). The *Independent Variables* were implicit and explicit alcohol-related cognitions (main effects). In addition, interaction effects of WMC (the moderator) in the prediction of alcohol use and problems by both independent variables were investigated. Implicit appetitive associations were assessed with a variety of the alcohol--arousal IAT (see above for a general explanation of the IAT). In this particular variety, participants sorted pictures of alcohol vs. non-alcoholic drinks together with words related to "excitement" (positive arousal) or "neutral". The extent to which participants were faster to sort alcoholic drinks with "excited" than in sorting non-alcoholic drinks with "excited" generates the index for alcohol--arousal associations. Explicit alcohol--arousal expectancies were assessed with a questionnaire in which participants were asked to indicate to what extent they expected each of a number of positive-arousal outcomes to happen after drinking alcohol. For this scale, the exact same words were used as in the IAT (excited, energetic, busy, lively, and wild). The moderator was WMC, assessed with the Self-Ordered Pointing Task (SOPT) (Petrides and Milner, [@B80]; Petrides et al., [@B81]; Ross et al., [@B87]). The main finding of this paper was that the interactions between WMC and both implicit and explicit alcohol--arousal associations were significant. Follow-up analyses indicated that in participants with relatively low WMC scores, implicit alcohol--arousal associations predicted alcohol use and problems, while in participants with relatively high scores on WMC, explicit alcohol--arousal expectancies predicted alcohol use and problems.

In the present evaluation, we conducted two supplementary analyses on this dataset. First, we investigated whether the original moderation effects would hold after controlling for self-reported impulsivity and sensation seeking. Impulsivity and sensation seeking were assessed with 18 items from the Zuckerman--Kuhlman Personality Questionnaire (Zuckerman et al., [@B125]), which assess impulsivity and sensation seeking (Cronbach alphas, 0.67 and 0.65, respectively in the present sample; the scales correlated at *r* = 0.56). We repeated the original moderation analysis (Thush et al., [@B109]; Table 2), now including self-reported impulsivity and sensation seeking as control variables. Results in the final model (cf. step 4, Table 2, Thush et al., [@B109]) indicated that trait impulsivity was a significant predictor (*beta* = 0.31, *p* = 0.017) but sensation seeking was not significant (*p* \> 0.50). Hence, the robustness hypothesis was confirmed with regard to trait impulsivity and sensation seeking: both the interaction between implicit alcohol--arousal associations and WMC (*beta* = −0.22, *p* = 0.042) and the interaction between explicit alcohol--arousal expectancies and WMC (*beta* = 0.33, *p* = 0.003) remained significant. However, impulsivity remained a significant predictor, hence, disconfirming our redundant predictors hypothesis (stating that trait impulsivity would no longer be predictive after entering moderated behavior-specific associations). Third, we investigated whether similar moderation effects would be found when WMC was replaced by an index of self-reported impulsivity. Impulsivity showed a main-effect in the prediction of alcohol use and problems (*beta* = 0.26, *p* = 0.016), but the interactions with implicit and explicit alcohol-related cognitions were not significant (*p*-values \>0.45). Hence, trait impulsivity was not an alternative moderator for WMC.

Study 2 (grenard et al., [@B40])
--------------------------------

In this study, 145 American at-risk adolescents performed a series of computerized tasks and questionnaires in small groups, similar to Study 1 (see Grenard et al., [@B40], for full description of participants and tasks). The *Dependent Variables* included frequency of alcohol and tobacco use, each of which was a composite score of lifetime and 1-month use assessed cross-sectionally. The *Independent Variables* included implicit alcohol and tobacco-related cognitions and WMC, which were the primary predictors of interest. As in Study 1, WMC, measured by the SOPT, was studied as a potential moderator of the prediction of the dependent variables. Implicit appetitive associations were assessed with three different word production association tests, including cue--behavior associations, outcome--behavior associations (verb generation), and a compound cue task that combined outcomes and situation cues. Task instructions were indirect, such that nothing about alcohol, tobacco, or other drugs was mentioned in instructions. A number of covariates or potential confounders were also assessed, such as gender, age, acculturation, and ethnicity. The central finding was that drug-related associations (for either alcohol or tobacco use) more strongly predicted the measured drug behaviors among adolescents with lower levels of WMC. This interaction effect was consistent with that uncovered in Study 1 and with the dual-process framework advanced in this article.

Here we performed two supplementary analyses on this dataset. All continuous variables in the models evaluated were centered on their means to obtain the non-standardized parameter estimates (*B*) *reported here*. Impulsivity and sensation seeking were assessed with the same instrument as used in Study 1 (Zuckerman et al., [@B125]). First, we replicated the original moderation analyses and findings in Grenard et al. ([@B40]; see Table 2), while controlling for impulsivity and sensation seeking in the regression model. The overall model accounted for 41% of the variance in alcohol use. The WMC × implicit association interaction was significant, χ^2^(1, *N* = 145) = 4.88, *B* = −0.07, *p* = 0.027, supporting the robustness hypothesis. WMC (*B* = 0.18, *p* \< 0.01) and implicit alcohol appetitive associations (*B* = 0.70, *p* \< 0.001) remained significant main effects predictors in this model. No other variables were significant in the final model. Hence, unlike Study 1, no main effect was found for trait impulsivity in addition to the specific outcome behavior-related processes and their interaction with WMC. Note that there was a zero-order correlation between impulsivity and alcohol use, *r* = 0.17, (*p* = 0.039); hence as predicted the predictive power of the general trait impulsivity was taken away by introducing more specific behavior-related associations, supporting our redundant predictors hypothesis. Third, we investigated whether similar moderation effects would be found when the index of WMC was replaced by an index of self-reported impulsivity. These analyses paralleled the moderation analysis for alcohol use in Grenard et al. ([@B40], Table 2), using recommended robust least trimmed squares estimation methods because of the distributions of variables (Cohen et al., [@B8]) and replacing WMC with the self-reported impulsivity subscale. In multivariate hierarchical robust regression models, controlling for school, age, gender, ethnicity, and acculturation, impulsivity trended toward significance, *B* = 0.37, χ^2^(1, *N* = 145) = 3.43, *p* = 0.064. The set of control predictors accounted for 13% of the variance in alcohol use. When impulsivity was added to the model, the model accounted for 15% of the variance in alcohol use. When implicit appetitive alcohol associations were added to the model, the overall model accounted for 32% of the variance in alcohol use, with implicit appetitive alcohol associations being the strongest predictor of alcohol use, *B* = 0.85, χ^2^ (1, *N* = 145) = 15.69, *p* \< 0.0001. When we tested the interaction between trait impulsivity and implicit alcohol associations in the prediction of alcohol use, there was no significant moderator effect, *B* = −0.02, χ^2^ (1, *N* = 145) = 0.04, *p* = 0.85.

Hence, in Studies 1 and 2, trait impulsivity was not a moderator like WMC in the original analyses, disconfirming our alternative moderator hypothesis. However, this could be related to the fact that the method used to assess WMC was a test of function ability, while trait impulsivity was assessed with a self-report questionnaire. This issue is addressed in the final study, which used a self-report index of self-control as moderator, rather than a behavioral test of WMC.

Study 3a and 3b (friese and hofmann, [@B33])
--------------------------------------------

In a third study (Study 2A in Friese and Hofmann, [@B33]), 156 German students were assessed with a computerized test (the single category variety of the IAT, in which no contrast category is used for alcohol, hence alcohol-positive and alcohol-negative associations are assessed), and a number of questionnaires. The *Dependent Variable* was the number of drinks on an average drinking occasion. *Independent Variables* were implicit alcohol-related associations (main effects, SC-IAT). The primary moderator in this study was a short version of self-reported self-control ability (Tangney et al., [@B106]). The main effect of automatic alcohol associations was significant, *beta* = 0.27, *p* = 0.001, whereas the main effect of self-control was not, (*p* = 0.28). The interaction between automatic alcohol associations and self-control was significant, *beta* = −0.26, *p* = 0.005. Simple slope analyses revealed that, as expected, automatic alcohol associations were highly related to alcohol consumption for participants low in self-control, *beta* = 0.53, *p* \< 0.001, but were unrelated to alcohol consumption for participants high in self-control (*p* \> 0.50).

In additional analyses reported by Friese and Hofmann ([@B33]), it was first investigated to what extent the moderation of self-control was maintained after controlling for trait impulsivity. Trait impulsivity was assessed with a German adaptation of Eysenck\'s scale (see original publication for details). There was a strong negative correlation between self-control and impulsivity (*r* = −0.58, *p* \< 0.001), indicating that high impulsivity is related to low self-control, but the overlap is far from complete (one-third of the variance), leaving room for examining a unique role for both variables. Trait impulsivity was not significantly correlated with alcohol use (*r* = 0.13 *p* = 0.11). First, the moderation of the prediction of alcohol use by self-control was replicated after controlling for trait impulsivity (*p* = 0.019), supporting the robustness hypothesis. There was also a significant main effect of alcohol associations (*p* = 0.001), with no other significant predictors. Hence, impulsivity did not add incremental validity to the model as an independent predictor. The redundant predictor hypothesis was supported in the sense of no independent prediction, but there was also no significant correlation of impulsivity with behavior even in bivariate analyses.

When self-control was replaced by impulsivity, a marginally significant tendency was found for an interaction between alcohol associations and trait impulsivity in the expected direction (*beta* = 0.15, *p* = 0.056), lending partial support for the alternative moderator hypothesis. Automatic associations predicted alcohol consumption in highly impulsive individuals (*beta* = 0.45, *p* \< 0.001), but not in low-impulsive individuals (*p* = 0.18).

Study 3b (*N* = 129 German students; Study 2b in Friese and Hofmann, [@B33]) involved a different measure of automatic affective associations, which does not rely on RTs, the Affect Misattribution Procedure (AMP, Payne et al., [@B77]). Very similar moderator effects of self-control on the relation between automatic associations toward alcohol and alcohol use (*beta* = −0.25, *p* = 0.003) were obtained. Including trait impulsivity did not affect the significance of the trait self-control × automatic affective associations interaction (*p* = 0.037), supporting the robustness hypothesis. Furthermore, trait impulsivity did not yield incremental validity in this context (*p* \> 0.27). Finally, substituting trait impulsivity for trait self-control yielded a marginally significant interaction effect with automatic affective associations (*beta* = 0.15, *p* = 0.068) in the expected direction, partially supporting the alternative moderator hypothesis, and, again, no main effect of impulsivity (*p* = 0.673).

Discussion of Re-Analyses
=========================

The findings of the re-analyses of the four studies can be summarized as follows. First, in all four studies, the interaction between behavior-specific impulsive processes and an index of EC remained significant after controlling for trait impulsivity, lending strong support for the robustness hypothesis. Second, trait impulsivity was found to be an independent predictor in two studies (Studies 1 and 2), and did not reach significance in Studies 3a (*p* = 0.11) and 3b (*p* = 0.27). Therefore, the hypothesis that the initial predictive power of trait impulsivity would disappear after specific behavior-related associations and their interaction with WMC were added to the equation, could be tested in the first and second study. The outcomes of these two tests of the redundant predictors hypothesis were inconsistent: in the first study, contrary to our hypothesis, adding specific associations and their interaction with WMC to the equation, did not reduce the predictive power of trait impulsivity. In the second study, trait impulsivity did become a non-significant predictor after alcohol-related associations and the interaction with WMC was added to the regression. One possible explanation of this discrepancy is that open-ended memory associations (assessed in Study 2) related to the outcome behavior of interest do share some variance with trait impulsivity, while associations assessed in a closed RT-procedure such as the IAT (assessed in Study 1) do not. Self-report measures of impulsivity could be the result of self-perception processes, in which people recall their own previous habits while responding. Open-ended associative memory measures are designed to not only tap affective associations, but habit-related associations as well. It is possible that the two measures overlap somewhat in their ability to measure previous habits. A limitation of closed RT-measures is that the most relevant associations for an individual can be missed, because the researcher has to specify the relevant associations, whereas open-ended associative tasks allows for free competition of any potential associate (Ames et al., [@B2]; Thush et al., [@B107]). This could also explain the superior predictive power of these open-ended associative tasks found in a meta-analysis (Rooke et al., [@B86]). The third hypothesis (impulsivity as alternative moderator) was not supported in the first two studies, where it substituted a performance measure of WMC, but was partly supported in Studies 3a and 3b, where it substituted a questionnaire measure of self-control.

Issues of validity and refining the hypotheses
----------------------------------------------

These results point to issues of test validity (Borsboom et al., [@B6]). Trait impulsivity is typically assessed with questionnaires, which ask for global behavioral patterns -- essentially self-perceptions of previous habits. Example items (from the questionnaire used in Studies 1 and 2) are "I often do things on impulse", and "Before I begin a complicated job, I make careful plans" (a negative item). People scoring higher on this trait should relatively often act on their impulse relatively more often than individuals scoring lower, provided that the impulse is sufficiently strong. As Studies 3a and 3b showed, this is negatively correlated with (self-assessed) self-control. Given their general aim, these measures do not specify specific situations in which the conflict between the impulse and self-control is evident. This general issue of the validity of self-assessments may be especially problematic in relation to substance use disorders, which have been associated with reduced self-insight (Goldstein et al., [@B37]). Aspects of impulsivity and sensation seeking can also be assessed with behavioral performance measures such as delay discounting (although this typically involves only hypothetical gains in human versions), and the Balloon Analogue Risk Taking task, or BART (Lejuez et al., [@B64]). It is an interesting issue for future research to explore to what the extent to which our hypotheses are confirmed with a behavioral measure of impulsivity and/or sensation seeking.

There are also issues related to the validity of the measures of the behavior-related associations. These processes are generally assessed with implicit measures (Hofmann et al., [@B45]; Stacy and Wiers, [@B100]), which can be conceptualized as "mini-experiments": the experimenter tries to set-up an experimental situation, which elicits the same associative processes as relevant in the real risk situation (De Houwer, [@B16]; Wiers et al., [@B121]). These measures can become more predictive when they are "primed". For example, in relation to the prediction of alcohol abuse, a prime-dose increases the predictive validity (Field et al., [@B27]), and in other situations, other forms of priming may increase the predictive validity of a measure of associations. For example, a movie-primed IAT predicted unique variance in bullying behavior in children, while a general (non-primed) IAT did not (van Goethem et al., [@B111], see also Perugini et al., [@B79], for examples of priming of associative measures). This seems a good strategy to increase the validity of implicit measures when closed RT-measures are used, but could be risky when open-ended measures of memory associations are used, because the latter tasks require indirect instructions, which do not mention the behavioral outcome of interest. It would be interesting to test our hypotheses with a primed measure of behavior-specific associations.

Finally, regarding the validity of the EC component, this is usually assessed in a neutral format. But validity may be increased when stimuli related to the target behavior are included in the task: for example, a stop task employing not only neutral stimuli, but also stimuli related to the target behavior (e.g., alcohol-related pictures; Noel et al., [@B72]; Nederkoorn et al., [@B69]). Further, different executive functions can have unique moderating effects (Hofmann et al., [@B44]). One important limitation of almost all of the research testing aspects of the dual-process models described here is that they focus entirely on individual differences in *ability* to control impulsive, associative processes (through measures of EC), while largely ignoring the motivation to control. However, in the studies of Friese and Hofmann ([@B33]) a self-report measure of self-control was used, which combines (self-perceived) ability and motivation to control impulsive tendencies (see also Farris et al., [@B24]). Clearly, the optimal way to experimentally assess motivation and ability to control associative processes will require further studies. Finally, it should be noted that the outcome behavior is rather global here (alcohol use), and differences in findings could occur in studies of more specific consumption patterns such as binge-drinking. More generally, our argument for the importance of specific behavior-related associations to predict specific risky behaviors is related to a recurring debate in psychology about the relative merits of general vs. specific trait indicators, where the common conclusion has been that general indicators better predict general behaviors, and specific indicators specific behaviors (see Swann et al., [@B105] for an excellent overview)[1](#fn1){ref-type="fn"}. New in the debate is the use of relatively novel indicators of specific behavior-related associative processes, combined with indices of ability (and sometimes motivation) to control.

Our conceptualization of impulsivity, based on dual-process models from psychology shows some conceptual similarities to "rash impulsivity" (Cyders and Smith, [@B14]; Cyders et al., [@B13]): a disposition to engage in rash action, when experiencing extreme positive or negative affect. However, there are conceptual and methodological differences. Conceptually, we argue that it is important to assess specific associative processes related to the behavior of interest, while "rash impulsivity" is conceptualized as a general trait. In our conceptualization, emotional and motivational states are important boundary conditions influencing the relative importance of associative and reflective processes. Our model would also predict stronger influence of impulsive processes in conditions of high positive or negative emotion. The difference is that the strength of behavior-specific associations is still an important predictor. Alcohol and provocation will elicit aggression in some individuals, but not in others (Wiers et al., [@B119]). Rash impulsivity will explain this by individual differences in negative urgency, while we found that the combination of specific associations (alcohol--power) and relatively poor EC was predictive. The second difference is methodological: rash urgency has been assessed with questionnaires, while behavior-specific associations and EC capacity are typically assessed with experimental paradigms. To the best of our knowledge, the two accounts have not directly been compared.

In conclusion, the present conceptualization of impulsivity based on general dual-process models elucidates the multifaceted nature of impulsivity and reveals much stronger levels of prediction than would be obtained using a trait approach alone. Specific risky behaviors are predicted by the combined strengths of specific associative or impulsive processes related to the risky behavior and by the motivation and ability to control the risky behavior, with a number of important boundary conditions determining the relative strength of both types of processes. The present analyses partially supported the hypothesis that the predictive power of trait impulsivity disappears once behavior-specific associations, EC, and their interaction are entered into the equation. We interpreted this in relation to the validity of the measures, which should be optimized to obtain full mediation of general traits by more specific indicators of the psychological processes involved. Ultimately, these processes should be related to the underlying neurocognitive processes, if a general trait approach has any validity. Alternatively, it is possible that a general trait approach to impulsivity is not as useful as a focus on more specific processes explaining impulsive actions, which may provide a more conceptually viable and methodologically defensible approach.
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